SYSTEM, METHOD AND COMPUTER-PROGRAM PRODUCT 
FOR TRANSFERRING A NUMERICAL CONTROL PROGRAM 
TO THEREBY CONTROL A MACHINE TOOL CONTROLLER 

1 0 FIELD OF THE INVENTION 

The present invention relates generally to distributed numerical control 
systems and associated methods and, particularly, to systems and methods for 
transferring a numerical control program to thereby control a machine tool controller. 

1 5 BACKGROUND OF THE INVENTION 

In many manufacturing processes today, computer-aided manufacturing 
(CAM) systems allow machine tools to manufacture parts without a lot of manual 
interaction. Generally, in CAM systems, once the planning and arrangement of 
machine tools for a particular manufacturing process have been set up, machining the 

20 parts can proceed automatically, often untouched by human hands. One part of most 
CAM systems is a process called numerical control (NC), in which instructions are 
coded into computer programs, called NC programs, that the machine tools use to 
guide them in the machining sequence. 

Generally, a CAM system 10 is a closed-loop system that consist of NC 

25 programs, machine tool controllers 20 and the machine tools 30, as illustrated in FIG. 
1 . The machine tool controllers input the NC programs and decode the coded data 
into a format to thereby control the machine tools in the machining processes. 
Feedback loops from the machine tools to the machine tool controllers permit errors 
in the operations of the machine tools to be sensed by the machine tool controllers 

30 such that the machine tool controllers can adjust the operations of the machine tools to 
correct the errors. 

In many complex manufacturing companies, multiple machine tool controllers 
within a machine shop are connected to a central mainframe database 40 over 
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dedicated communication systems, such as serial communication, block transfer read 
communication or local area network (LAN) communication, to form a direct 
numerical control (DNC) system. In conventional DNC systems, the NC programs 
are housed within the mainframe database and are transferred to the various machine 
5 tool controllers, as desired. In this regard, proprietary computer software systems, 
such as TrueDNC distributed by Thedra Technologies, Inc. of Troy, Michigan, can be 
operated from the mainframe database to transfer the NC programs to the connected 
machine tool controllers. Additionally, DNC systems can be used to transfer NC 
programs from machine tool controllers back to the central mainframe database, such 

10 as when a NC program has been edited at the machine tool controller. 

While conventional DNC systems are adequate to control machine tool 
controllers within a single shop, they have several drawbacks. First, because the 
machine tool controllers of conventional DNC systems are connected to the 
mainframe database over dedicated communication systems, the distance over which 

1 5 the mainframe database can transfer the NC programs is typically limited. As 

manufacturing companies become more complex, many operate several shops often 
separated by great distances. For example, one manufacturing company could have 
one shop in California and a second shop in Pennsylvania. In such an instance, a NC 
program on a mainframe database in one shop could not be transferred to a machine 

20 tool controller in the second shop. Instead, a duplicate of the NC program would have 
to be maintained on a mainframe database in the second shop. 

Second, conventional DNC systems typically require expensive proprietary 
computer software systems to transfer the NC programs back and forth between the 
mainframe database and the machine tool controllers. These computer software 

25 systems can generally only operate on a single mainframe database, typically 

requiring separate software licenses to operate on multiple mainframe databases 
located at different shops throughout a manufacturing company. Additionally, these 
computer software systems can typically only operate according to a format specific 
compatible with the machine tool controller controlled, requiring a reformatted 

30 software system, or a different software system, to operate machine tool controllers 
compatible with different formats. 
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SUMMARY OF THE INVENTION 
In light of the foregoing background, the present invention provides an 
improved DNC system, method and computer-program product that utilize a wide 
area network (WAN), such as the Internet, to transfer NC programs to thereby control 
5 machine tool controllers. The DNC system of the present invention allows a user to 
select, from one location, NC programs from mainframe databases located at another 
location and thereafter transfer the selected NC programs to machine tool controllers 
located at a third location. Using the WAN to transfer the NC programs, the DNC 
system of the present invention overcomes the limited transfer range of conventional 

10 DNC systems. 

In one embodiment, the DNC system of the present invention consists of at 
least one central processing element, such as a universal mainframe database, that 
includes the NC programs. By controlling machine tool controllers over the WAN, 
the DNC system of the present invention can control machine tool controllers located 

1 5 in different shops using one mainframe database, if so desired, in contrast to a 

mainframe database for each shop as required by conventional DNC systems. The 
system also includes a workstation connected to the central processing elements via 
the WAN. Additionally, the system includes at least one machine tool controller for 
receiving the selected NC programs across the WAN from the central processing 

20 elements. Based upon the selected NC programs, the machine tool controllers can 
control at least one machine tool during a manufacturing process. 

In another embodiment, the system further includes at least one server 
processing element, such as a mainframe database local to specific shops. In this 
regard, the system allows the NC programs to be first transferred from the central 

25 processing elements to a shop local to the desired machine tool controllers before 
transferring the NC programs to the machine tool controllers, such as to account for 
scheduled maintenance shutdown periods of the central processing elements. The 
server processing elements are connected to the central processing elements via the 
WAN so that the central processing elements are capable of transferring the selected 

30 NC programs to the server processing elements. The server processing elements, in 
turn, are connected to the machine tool controllers so that the server processing 
elements are capable of transferring the selected NC programs to the machine tool 
controllers. 
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In a further embodiment, each central processing element includes a database 
that stores the NC programs and that operates according to a predetermined platform. 
In this embodiment, the workstation is capable of communicating with the database of 
each respective central processing element according to the respective platform in 
5 order to transfer the at least one NC program. In this regard, the system of the present 
invention is platform independent, such that the workstation can select and 
communicate with different mainframe databases that may each operate according to 
different platforms. 



10 the NC programs from the workstation. Then, via the WAN, the workstation notifies 
at least one of the central processing elements of the selected NC programs so the 
central processing elements can transfer the NC programs. In embodiments where the 
central processing elements each include a database operating according to a 
predetermined platform, the workstation communicates with the database of each 

1 5 respective central processing element according to the platform in order to notify the 
respective central processing element to of the selected NC programs to transfer. The 
notified central processing elements then transfer the selected NC programs across the 
WAN from the NC programs* respective central processing elements to at least one 
machine tool controller. In a further embodiment, the NC programs are transferred to 

20 the machine tool controllers according to a predetermined protocol, such as a file 
transfer protocol (FTP). In embodiments including the server processing elements, 
the selected NC programs can first be transferred from the central processing elements 
across the WAN to their respective server processing elements. After the server 
processing elements have received the NC programs, either immediately or after a 

25 time period, the server processing elements can transfer the NC programs to their 
respective machine tool controller. 

The machine tool controllers then use the NC programs to control respective 
machine tools. In one embodiment, each machine tool controller is capable of 
executing, or decoding, the NC programs according to a predetermined format, such 

30 as ASCII. In this embodiment, the selected NC programs are transferred to the 
machine tool controllers according to the format of each respective machine tool 
controller. In this regard, the system of the present invention is format independent in 
that it can transfer NC programs to machine tool controllers executing NC programs 
according to different formats. 



In operation, the NC programs are transferred via the WAN by first selecting 
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Advantageously, because the workstation can select and transfer NC programs 
from a workstation located separately from both the mainframe databases and the 
machine tool controllers, such as between two shops separated by a great distance, the 
system of the present invention can also be used in conjunction with an enterprise 
5 resource planner (ERP) system. In this regard, the present invention provides a 
method and computer-program product that allows a user to control a plurality 
machine tool controllers with the NC programs according to a status of each machine 
tool controller. According to one embodiment, the method for controlling the 
machine tool controllers begins by selecting at least one machine tool controller from 

10 the plurality of machine tool controllers based upon a status of each machine tool. 
The status of each machine tool controller can be based upon any of a number of 
different factors, such as an operability status, a current workload status and a future 
workload status. Using the status of each machine tool controller, a user at the 
workstation can balance the workloads of the machine tool controllers or select 

15 operating machine tool controllers, for example. Then, after the machine tool 

controllers are selected, the NC programs are selected from the workstation, such as 
via the WAN. Next, the selected NC programs are transferred from the central 
processing elements to the selected machine tool controllers to thereby control the 
selected machine tool controllers. 

20 Therefore, the present invention provides a system, an associated method and 

a computer-program product that utilize a WAN, such as the Internet, to transfer NC 
programs to thereby control machine tool controllers. The present invention 
overcomes the limited transfer range of conventional DNC systems by allowing users 
to select, from one location, NC programs from mainframe databases located at 

25 another location and thereafter transfer the selected NC programs to machine tool 

controllers located at a third location. The present invention can also operate platform 
and format independent by providing a workstation and central processing elements 
that can select, communicate and transfer NC programs depending on the platform 
and format of the central processing elements and machine tool controllers, 

30 respectively. In addition to an improved DNC system, the present invention also 

provides a new ability for a manufacturing planner, using an ERP system to push NC 
programs to machine tool controllers. In this regard, the present invention provides a 
method and computer-program product that allows a user to control a plurality 
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machine tool controllers with the NC programs according to the status of each 
machine. 



BRIEF DESCRIPTION OF THE DRAWINGS 
5 Having thus described the invention in general terms, reference will now be 

made to the accompanying drawings, which are not necessarily drawn to scale, and 
wherein: 

FIG. 1 is a schematic block diagram illustrating a conventional DNC system; 

FIG. 2 A is a schematic block diagram illustrating the system of the present 
10 invention, according to one embodiment; 

FIG. 2B is a schematic block diagram further illustrating the system illustrated 
in FIG. 2 A, according to one embodiment of the present invention; 

FIG. 3 is a flow diagram illustrating a method of transferring NC programs via 
a wide area network, according to one embodiment of the present invention; and 
1 5 FIG. 4A-4F are schematic diagrams of electronic, interactive displays 

illustrating various steps in the method of transferring the NC programs, according to 
one embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
20 The present invention now will be described more fully hereinafter with 

reference to the accompanying drawings, in which preferred embodiments of the 
invention are shown. This invention may, however, be embodied in many different 
forms and should not be construed as limited to the embodiments set forth herein; 
rather, these embodiments are provided so that this disclosure will be thorough and 
25 complete, and will fully convey the scope of the invention to those skilled in the art. 
Like numbers refer to like elements throughout. 

Referring to FIGS. 2 A and 2B, a system for controlling at least one machine 
tool with at least one numerical control (NC) program delivered across a wide area 
network (WAN) 45 is shown. The WAN can comprise any of a number of different 
30 wide area networks, but preferably comprises the Internet. Advantageously, by 

delivering the NC programs across the WAN, the system of the present invention can 
control a plurality of different machine tools located in different locations using fewer 
mainframe databases than required by conventional DNC systems, which require a 
mainframe database for each shop. In this regard, the system of the present invention 
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includes at least one central processing element 50 (e.g., mainframe database) that 
includes the NC programs and can transmit the NC programs to the machine tools. 
Each central processing element can comprise any number of elements, but typically 
comprise a server computer or other high level processor. Preferably, the central 
5 processing elements each include a database 55 for storing the NC programs, such as, 
for example, any of the DB2 family of databases manufactured by International 
Business Machines Corporation of Armonk, New York, or any of the Oracle family of 
databases manufactured by Oracle Corporation of Redwood Shores, California. The 
database can operate according to any number of different platforms compatible with 

10 the database, as such are known. 

The system also includes a workstation 60 in electrical communication with 
the central processing elements via the WAN. The workstation can be used to control 
the machine tool controllers by directing the transmission of the NC programs from 
the central processing elements to the machine tool controllers. The workstation can 

1 5 consist of any of a number of different elements capable of communicating with the 
central processing elements via the WAN but, preferably, the workstation consists of 
a personal computer or other high level processor. The workstation is adapted to 
communicate with the central processing elements, which may operate according to a 
multiplicity of different platforms, typically depending upon the database of the 

20 respective central processing element. In this regard, the system of the present 
invention is platform independent such that the workstation can select and 
communicate with the databases of different central processing elements that may 
each operate according to different platforms. Although FIGS. 2 A and 2B illustrate 
only a single workstation connected to one or more central processing elements, it 

25 should be understood that the system can include a plurality of workstations 

connected to a plurality of the same, or different, central processing elements without 
departing from the spirit and scope of the present invention. 

The system also includes at least one machine tool 65, typically located in a 
factory or shop 70 from which the machine tools are used in a manufacturing process. 

30 The central processing elements 50, workstation 60 and shops can be located 
proximate one another but, advantageously, the central processing elements, 
workstation and shops can be located remote from one another. In this regard, by 
using the WAN, the system of the present invention allows a user to select, from one 
location (e.g., the workstation), NC programs located at a second location (e.g., 
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central processing elements), and thereafter transfer the selected NC programs to a 
third location (e.g., shops) to control the machine tools. 

To control the at least one machine tool 65 with the at least one NC program, 
the system typically includes at least one machine tool controller 75 electrically 
5 connected to a respective machine tool. Depending on the manufacturing process, the 
machine tool controllers can consist of any of a number of different well known 
devices. The machine tool controllers receive the NC programs from the central 
processing elements 50 and decode the NC programs to thereby control the operation 
of the machine tools. The central processing elements and machine tool controllers 

10 communicate to transmit and receive the NC programs according to a predetermined 
protocol such as, for example, a file transfer protocol (FTP). Additionally, the 
machine tool controllers are capable of executing the NC programs to thereby decode 
the NC programs according to any of a number of different formats, such as an ASCII 
format or an EIA format, set in a machine tool controller specific syntax. In this 

15 regard, the central processing elements are capable of transmitting the NC programs 
according to the format of the respective machine tool controllers receiving the NC 
programs. 

Although not necessary for the operation of the present invention, the system 
can further include at least one server processing element 80 in communication with 

20 the central processing elements 50 via the WAN and electrically connected to 
respective machine tool controllers 60. The server processing elements can be 
electrically connected to the respective machine tool controllers via any of a number 
of different manners, such as through a local area network (LAN) using FTP, serial, 
or parallel communications. Each server processing elements can comprise any of a 

25 number of different elements but, typically, comprise a server computer or other high 
level processor. The server processing elements are capable of receiving the NC 
programs and storing the NC programs for transfer to the machine tool controllers, 
immediately or after a time period. In this regard, although not illustrated, each server 
processing element can include a server database, such as, for example, any of the 

30 DB2 family of databases or any of the Oracle family of databases. The server 

database can operate according to any number of different platforms compatible with 
the database, as such are known. 

The server processing element 80 allows the system to operate during times 
when the central processing elements 50 cannot transfer NC programs to the machine 
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tool controllers 75, such as during scheduled maintenance shutdown periods. For 
example, if the central processing elements are scheduled to shutdown every Sunday 
for maintenance, the NC programs can be transferred to and stored by the server 
processing elements at any time prior to the Sunday shutdown to thereby allow the 
5 machine tool controllers to operate according to the stored NC programs during the 
Sunday shutdown period. Also, while the central processing elements and server 
processing elements are illustrated as separate elements, it should be understood that 
the central processing elements and server processing elements can be the same 
element. In this regard, a server processing element in one shop can transfer a stored 

10 NC program to a machine tool controller (or another server processing element) 
located in another shop, as directed by the workstation. 

Referring now to FIGS. 3 and 4A-4F, in operation, during a manufacturing 
process at least one NC program is desired to operate one or more particular machine 
tools to produce a desired product. As such, a user selects the desired NC programs 

15 from the workstation. In this regard, the workstation can include an electronic, 

interactive display, such as an active Internet page. The interactive display can be 
implemented according to any of a number of different methods including, for 
example, the JAVA programming language developed by Sun Microsystems, Inc. of 
Palo Alto, California. As illustrated in FIG. 4A, the system can first require the user 

20 to log into the workstation, such as from a log in display 110. In this regard, only 
authorized users can transfer the NC programs to operate the machine tools. After 
logging in to the workstation, the user can then select, from a shop select display 120, 
a shop from which to select the particular machine tools to produce the desired 
product, such as from a shop scroll-down menu 122 of available shops, as shown in 

25 FIG. 4B. From a machine select display 130, the user can select the particular 
machines to operate to produce the desired product, such as from a machine tool 
scroll-down menu 132, as illustrated by FIG. 4C. Additionally, if the user decides to 
change any of the previous selections, such as the identified user or the selected shop, 
the user can elect make the change, such as from a criteria menu 134. 

30 Utilizing the shop select display 120 and the machine select 130 display, the 

user can select and transfer NC programs from a workstation located separately from 
both the mainframe databases and the machine tool controllers, such as between two 
shops separated by a great distance. The system of the present invention can also be 
used in conjunction with an enterprise resource planner (ERP) system. In this regard, 
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the user can select the machine tool controllers according to a status of each 
respective machine tool controller (FIG. 3, block 100). The status of each machine 
tool controller can be based upon any of a number of different factors, such as an 
operability status based upon whether the machine tool controller is currently in 
5 operation, a current workload status and a future workload status of the machine tool 
controller. The user can select the machine tool controllers based upon the status 
according to any of a number of different methods, as such are known. For example, 
a computer software system, such as any number of software programs in the Open 
Shopfloor family of products developed by Siemens AG of Munich, Germany, could 

10 provide the status of the machine tool controllers controlling the machine tools in the 
selected shop. Additionally, or alternatively, the status of the machine tool controllers 
can be acquired manually such as by a shop floor operator, and thereafter 
communicated to the user of the workstation. By selecting each machine tool based 
on a status of the respective machine tool controller, a manufacturing planner can 

15 balance the workloads of the machine tool controllers or select operating machine tool 
controllers, for example. 

As shown in FIG. 4D, after the user has selected the particular machine tools, 
the user selects the NC programs to transfer to the machine tool controllers or, more 
particularly, the server processing elements, typically by selecting the desired 

20 products produced with the selected NC programs or, more particularly, particular 
parts produced with the selected NC programs which form portions of the desired 
products (block 102). In this regard, the user is presented with a part select display 
140 that includes a part search field 142. From the part search field, the user can enter 
information identifying a part such as, for example, a part number or a portion of a 

25 part number. Additionally, the user can choose to search for the NC programs from 
the respective central processing element and/or the respective server processing 
element, such as from a checkbox select 144 of the desired processing element(s). In 
this regard, the server processing element may have previously stored the desired NC 
programs, such as to account for a shutdown period of the central processing element. 

30 Also, as with the machine select display, the user can change the previously selected 
criteria, such as from an additional criteria menu 146 including, for example, the 
identified user, the selected shop or the selected machine tool. 

As shown in FIG. 4E, from the information identifying the part, the 
workstation can present the user with a list of parts matching the information entered 
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into the part search field, such as from a part list display 150. Additionally, the list of 
parts presented are associated with NC programs in a format compatible with the 
previously selected machine tool controller, such as ASCII. In this regard, the central 
processing elements and/or server processing elements can include NC programs of 
5 varying formats, depending upon which machine tool controllers are compatible with 
the respective format of the NC programs. The part display list includes a listing of 
all the parts matching the information entered along with additional identifying 
information regarding the displayed parts. For example, the display list can include a 
location field 152 including information related to the location of the NC program 

10 used to manufacture the listed part, whether the respective central processing element 
(i.e., Database) or the respective server processing element (i.e., PartBin). The part 
display list also includes part select fields 154, such as checkbox selects, for selecting 
desired parts from the listing of matching parts and, thus, the desired NC programs. 

After the user has selected the desired NC programs, unless the NC programs 

1 5 have previously been transferred to the respective server processing element, the 
workstation communicates, via the WAN, with the central processing elements that 
include the respective databases storing the desired NC programs (blocks 104 and 
106). In this regard, the part list display 150 can include a download select 156 to 
begin communication between the workstation and the respective central processing 

20 elements. The workstation communicates according to the platform of the respective 
databases to thereby notify the databases of the user's selections. Next, the respective 
databases transfer the desired NC programs across the WAN to the respective server 
processing elements at the factories or shops where the respective machine tools are 
located (block 108), unless the NC programs have previously been transferred. 

25 If the user desires to transfer the NC programs from the central processing 

elements directly through the server processing elements to the machine tool 
controllers, or if NC programs have previously been transferred to the server 
processing elements, the part list display 150 can include a crossload select 158 to 
begin communication with the respective central processing elements or server 

30 processing elements to thereby notify the central processing elements or server 

processing elements to transfer the NC programs to the machine tool controllers (FIG. 
3, block 110). In this regard, the server processing elements can store the NC 
programs for transfer at a later time. By storing the NC programs for later transfer, 
the server processing elements allow the control of the machine tool controllers to 
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continue during times when the central processing elements are unable to transfer the 
NC programs, such as during a shutdown period of the respective central processing 
elements. 

After transferring the NC programs to the server processing elements or after 
5 notifying the server processing elements to transfer the NC programs, the server 
processing elements transfer the NC programs to the respective machine tool 
controllers to thereby control the machine tools to produce a desired product (block 
108). As such, the user at the workstation can be presented with an action complete 
display 170 indicating that the NC programs for the desired part have been 

10 downloaded to the respective server processing element, or crossloaded 172 to the 
respective machine tool controller, as shown in FIG. 4F. The NC programs are 
transferred to the machine tool controllers according to a predetermined protocol 
compatible with the respective machine tool controllers, such as FTP. Additionally, 
the NC programs are transferred to the machine tool controllers according to a 

15 predetermined format compatible with the respective machine tool controller, such as 
ASCII. In this regard, the NC programs can either be transferred from the central 
processing elements in the predetermined format, or formatted into the predetermined 
format at the respective server processing element. 

In one advantageous embodiment, portions of the method of the present 

20 invention, such as portions of selecting the at least one machine tool controller, 

selecting the at least one NC program and transferring the at least one NC program, 
include a computer program product. The computer program product includes a 
computer-readable storage medium, such as the non-volatile storage medium, and 
computer-readable program code portions, such as a series of computer instructions, 

25 embodied in the computer-readable storage medium for selecting the at least one 
machine tool controller and selecting the at least one NC program. Typically, the 
computer program is stored by the workstation, central processing element or a 
related memory device, such as a non- volatile storage device, and is executed by a 
personal computer or other high level processor. 

30 In this regard, FIG. 3 is a block diagram, flowchart and control flow 

illustration of methods, systems and program products according to the invention. It 
will be understood that each block or step of the block diagram, flowchart and control 
flow illustration, and combinations of blocks in the block diagram, flowchart and 
control flow illustration, can be implemented by computer program instructions. 
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These computer program instructions may be loaded onto a computer or other 
programmable apparatus to produce a machine, such that the instructions which 
execute on the computer or other programmable apparatus create means for 
implementing the functions specified in the block diagram, flowchart or control flow 
5 block(s) or step(s). These computer program instructions may also be stored in a 
computer-readable memory that can direct a computer or other programmable 
apparatus to function in a particular manner, such that the instructions stored in the 
computer-readable memory produce an article of manufacture including instruction 
means which implement the function specified in the block diagram, flowchart or 

10 control flow block(s) or step(s). The computer program instructions may also be 
loaded onto a computer or other programmable apparatus to cause a series of 
operational steps to be performed on the computer or other programmable apparatus 
to produce a computer implemented process such that the instructions which execute 
on the computer or other programmable apparatus provide steps for implementing the 

15 functions specified in the block diagram, flowchart or control flow block(s) or step(s). 

Accordingly, blocks or steps of the block diagram, flowchart or control flow 
illustration support combinations of means for performing the specified functions, 
combinations of steps for performing the specified functions and program instruction 
means for performing the specified functions. It will also be understood that each 

20 block or step of the block diagram, flowchart or control flow illustration, and 
combinations of blocks or steps in the block diagram, flowchart or control flow 
illustration, can be implemented by special purpose hardware-based computer systems 
which perform the specified functions or steps, or combinations of special purpose 
hardware and computer instructions. 

25 Therefore, the present invention provides a system and associated method and 

computer-program product that utilize a WAN, such as the Internet, to transfer NC 
programs to thereby control machine tool controllers to control machine tools to 
produce a product. The present invention overcomes the limited transfer range of 
conventional DNC systems by allowing users to select, from one location, NC 

30 programs from mainframe databases located at another location and thereafter transfer 
the selected NC programs to machine tool controllers located at a third location. The 
present invention can operate platform and format independent. Additionally, the 
present invention provides an adjunct to an ERP system that allows a user to control a 
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plurality machine tool controllers with the NC programs according to the status of 
each machine. 

Many modifications and other embodiments of the invention will come to 
mind to one skilled in the art to which this invention pertains having the benefit of the 
5 teachings presented in the foregoing descriptions and the associated drawings. 

Therefore, it is to be understood that the invention is not to be limited to the specific 
embodiments disclosed and that modifications and other embodiments are intended to 
be included within the scope of the appended claims. Although specific terms are 
employed herein, they are used in a generic and descriptive sense only and not for 
1 0 purposes of limitation. 
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